Cross-sectional studies have found that food insecurity is associated with increased risk of a woman being classified as overweight 1 -4 . National survey data indicate that women in households that are moderately food-insecure are more likely to be overweight than are women in foodsecure households 1, 2 . In a smaller sample in upstate New York, women in households that were moderately food-insecure had higher body mass index (BMI) than women in food-secure or severely food-insecure households 5 . While these reported associations between food insecurity do not provide evidence for causal inference, some have hypothesised that food insecurity causes obesity 2, 6 . Cross-sectional data are limited, however, and cannot reveal the timing and direction of the relationship between food insecurity and weight status or weight gain 7 . Data from the Panel Study of Income Dynamics (PSID) allowed us to begin to understand if the experience of food insecurity leads to obesity in women by examining how food insecurity is related to subsequent weight gain. This nationally representative, longitudinal study of USA households collected food insecurity data for households and self-reported heights and weights for heads of households and wives in 1999 and 2001. Elsewhere, we have reported that changing food insecurity status has no significant effect on absolute weight change in women, and that women who are persistently food-insecure experience less weight change than those who are not persistently food-insecure 8 . In the present study, two questions are addressed. First, does experiencing food insecurity lead to subsequent weight gain in women in the USA? Second, do other risk factors for weight gain help explain any relationship between food insecurity and weight gain?
Methods

Data
The PSID began in 1968 to study economic dynamics of USA households 9 . The PSID included 6241 families that participated in the study in both 1999 and 2001. In accordance with the coding schemes used in the original sample from 1968, any household with both a male and a female was coded with males as heads and females as wives. In households with only one adult, heads of household may be either male or female. All heads and wives were recoded to be males and females regardless of their head of household status. To account for complex sampling strategies, the entry of new families into the original sample and attrition, the PSID includes post-stratification weights that calibrate the estimates to the demographic characteristics of the US population 9 .
Weights were used in all analyses.
Outcomes
BMI and weight gain
Heights and weights were reported by study respondents in pounds and inches. 13 . Because of the widely varying definitions available in the literature, weight gain of 2.3 kg (i.e. 5 lb) over 2 years was selected based on the classification system recommended by St Jeor et al.
14
. For the purposes of regression analysis, all women who reported a weight gain of greater than 50 lb (27.2 kg) were recoded as gaining 50 lb to reduce the potentially excessive influence of these values. Sensitivity analyses showed that this recoding did not alter the results.
Exposure
Household food security
Food security was measured using the 18-item scale of the US Department of Agriculture's (USDA) Household Food Security Survey Module (HFSSM) with a reference period of the 12 months prior to administration of the questionnaire 15 . This scale has been shown to be valid and reliable in the general population 16 . The standard USDA food security variable with four categories, 'food secure', 'food insecure without hunger', 'food insecure with moderate hunger' and 'food insecure with severe hunger', was available in the 1999 dataset. From this variable we constructed a two-category variable that combined the food-insecure without hunger, moderate and severe hunger households into a single category, owing to small numbers (n ¼ 89) of households in the third and fourth categories of the original variable that included a woman with height and weight data. Food security status in 1999 is referred to as baseline food security status for the purposes of this analysis. There is a growing interest in the food security literature in the 'marginally' food-insecure 17, 18 . Because the standard USDA food security variable puts marginally food-insecure women in the food-secure category, we also analysed our data using a variable that separated out marginal food insecurity, but found no differences in our results.
Individual covariates
Age Continuous age in years was categorised as 18 -24, 25-39, 40-64 and 65-74 years. Women below the age of 18 (n ¼ 7 total, 3 with weight data) or above the age of 74 (n ¼ 333 total, 264 with weight data) were excluded.
Race/ethnicity
Each individual was classified in the PSID as Caucasian, Black, Native American, Hispanic or Asian/Pacific Islander based on the respondent's report. We re-classified as Caucasian, Black, Hispanic or Other due to the small numbers of members of other ethnic groups included in this study (n ¼ 27 American Indians total, 23 with weight data; n ¼ 111 Asian/Pacific Islanders total, 90 with weight data).
Self-rated health
The PSID asked respondents if they would rate their own health as 'excellent', 'very good', 'good', 'fair' or 'poor'. Due to small cell sizes, the fair and poor categories were combined to create a four-category variable ranging from 'excellent' to 'fair or poor'.
Physical activity
Respondents in the PSID were asked: 'How often do you participate in vigorous physical activity, such as heavy housework, aerobics, running, swimming or bicycling?' Based on the American College of Sports Medicine (ACSM) recommendations of participation in vigorous physical activity most days of the week, a categorical variable was created to classify respondents as 'inactive' if they responded that they participated less than once per week, 'active but not meeting recommendations' if they participated 1 to 4 times per week, and 'meeting recommendations' if they participated 5 or more times per week.
Smoking PSID respondents were asked if they smoked cigarettes and if so how many per day. A categorical variable was created that classified respondents as non-smokers if they responded 'no' to the question: 'Do you smoke?' If the respondent reported smoking, they were classified as smoking less than one pack or 20 cigarettes per day or more than one pack per day based on their report of total cigarettes per day.
Alcohol consumption
Respondents reported if they drank any alcoholic beverages and if so how much, in response to the following questions: 'Do you ever drink any alcoholic beverages, such as beer, wine or liquor?' and 'On average, do you have less than one drink a day, one to two drinks in a day, three to four drinks in a day, or five or more drinks in a day?' Due to the small numbers of women who reported drinking more than three drinks per day (n ¼ 249 total, 214 with weight data), women were classified as consuming one or more drinks per day or less than one drink per day for the purposes of these analyses.
Household covariates
Presence of a young child To account for the possibility of a recent pregnancy, we created a dichotomous variable that indicated whether or not there was a child under the age of 2 years in the household between the years 1999 and 2001. There was no variable available in the data to assess actual pregnancy status.
Income Previous-year family income reported in 1999 and 2001 was compared to the census poverty standards to calculate an income-to-poverty ratio (IPR). A categorical variable was also created to classify households as less than 100%, 100-130%, 130-185%, 185-250%, 250-350% and above 350% of the IPR.
Marital status
Female respondents were classified as 'never married', 'married', 'unmarried but cohabiting', 'widowed', 'divorced' or 'separated', based on respondent's report.
Housing status
From responses to PSID question 'Do you (or anyone else in your family living there) own the (home/apartment), pay rent, or what?', a two-category variable was created to categorise households as owning their home or not.
Statistical analyses
Analyses were based on a final sample of 5303, after excluding biologically implausible weights and age younger than 18 years or older than 74 years. Analyses were conducted in STATA Version 8.0 (Stata Corp.). Univariate statistics were calculated using the family-level sample weights provided with PSID data using SVY commands to account for design effects related to complex probability sampling. Bivariate and multivariate statistics that included only one year of data (1999 or 2001) used the weights for the matching year. All analyses conducted that included data from both years were weighted by the 2001 sample weights.
Crude and stratified probabilities of being classified as a weight gainer (gaining more than 2.3 kg in 2 years) were calculated. Logistic regression was used to estimate the probability of being a weight gainer by baseline food security status. Results are reported as predicted probabilities of being classified as a weight gainer.
Crude and adjusted mean weight changes were calculated by baseline food security and baseline weight status for women who gained 2.3 kg or greater. T-statistics were calculated to test for mean differences in amount of weight gained. Multiple linear regression analysis was conducted to control for covariates. Results are reported as means and unstandardised coefficients.
The analytic strategy of examining both whether or not women gained a clinically significant amount of weight and the amount of weight change among those who did gain weight was adopted to understand whether food insecurity leads to subsequent additional weight gain and also the amount of that change for those on a weight-gain trajectory. Other studies of weight gain have employed a variety of similar strategies, such as examining the amount of weight gain in those attempting a weight loss 11 , the amount of weight gain following a greater-thanrecommended pregnancy gain 19 and stratifying analysis of any weight loss and any weight gain 20 .
Results
Description of the sample
Women in the analytic sample reported a mean weight gain of 1.06 kg from 1999 to 2001 (Table 1) . Healthyweight women reported higher weight gains than average, and overweight and obese women reported lower weight gains. Food-insecure women reported gaining 0.8 kg on average.
Overall, food-insecure women were younger, more likely to report being of Black or Hispanic origin, more likely to rate their health as fair or poor, less likely to report engaging in any vigorous physical activity, slightly more likely to smoke, and more likely to report abstaining from alcohol than food-secure women (Table 1) . Food-insecure women lived in households with lower IPR and were never married, cohabiting, divorced or separated more than were food-secure women. About 18.5% of foodinsecure women reported having a child in the two years following the report of food insecurity.
Overweight and obese women were slightly older, more likely to report being of Black or Hispanic origin, more likely to rate their health as fair or poor, less likely to report meeting activity recommendations, slightly more likely to smoke and to abstain from alcohol, and were more likely to have a lower IPR than healthy-weight women. Fewer overweight and obese women reported being married or cohabiting than healthy-weight women and were slightly less likely to report having a child between 1999 and 2001. Fewer obese women reported owning their own homes.
Weight gain
Food insecurity was not related to women subsequently gaining a clinically significant amount of weight, regardless of initial weight status (Fig. 1) . Among women in foodinsecure households, the probability of reporting a weight gain of 2.3 kg or more was highest among women who were not overweight or obese (32%), followed by obese women (29%) and overweight women (25%). Among women in food-secure households, the probability of reporting a weight gain was highest among women who were obese at baseline (33%), followed by women who were not overweight or obese (29%) and overweight women (27%).
Among women who gained at least 2.3 kg, baseline food insecurity was associated with a greater subsequent weight gain among some groups (Table 2) . Women weight gainers who were overweight at baseline gained 2.2 kg more if they were food-secure than if they were foodinsecure (P , 0.004). Women weight gainers who were healthy-weight or obese gained more if they were foodinsecure than if they were food-secure, but the differences were not significant (1.7 kg, P , 0.088 and 2.5 kg, P , 0.281, respectively). Similar to the results in Fig. 1 , the data in Table 2 demonstrate that the relationship between weight gain and food insecurity is different in overweight women than in healthy-weight and obese women. That is, being food-insecure and overweight leads to less additional weight than being food-insecure and not overweight (difference ¼ 3.9 kg, P , 0.002). Table 3 presents the results of two regression analyses: a logistic regression for whether women had a clinically significant weight gain and an ordinary least-squares regression of the amount of weight gain among weight gainers. After adjusting for covariates using logistic regression, food insecurity status in 1999 was not a significant predictor of a clinically significant subsequent weight gain (i.e. 2.3 kg or more), consistent with the unadjusted findings presented in Fig. 1 . Covariates that significantly predicted a weight gain of 2.3 kg or more included smoking one pack or more versus not smoking (b ¼ 0.29 and 0.38, respectively, P , 0.05). Covariates that were significantly associated with decreased probability of being a weight gainer included meeting ACSM recommendations for physical activity and being 65 -74 years of age compared with 18 -25 years. Neither baseline weight status nor income status predicted the probability of being a weight gainer. Table 3 also presents the results of multiple linear regression analysis predicting the amount of weight gain among women who reported gaining 2.3 kg or more. Food insecurity was not a significant predictor of amount of weight gain in multivariate adjusted analysis. However, the interaction between food insecurity status and overweight status was significant. Among weight-gaining women who were overweight at baseline, those who were foodinsecure gained 2.4 kg less than those who were foodsecure.
Discussion
Evidence from cross-sectional studies had suggested that mild to moderate food insecurity was associated with an approximately 30% increased risk of overweight in women 1, 2, 4 . Using the nationally representative sample of women from the PSID, this study also observed an association between overweight status and food insecurity in women in a cross-sectional analysis of 1999 data. While these cross-sectional analyses cannot indicate the direction of the association, some authors have hypothesised that food insecurity leads to overweight in women. To test this hypothesis, data have been needed to examine if food insecurity at one point in time leads to increased weight gain that will presumably, in turn, lead to overweight. Our findings in this paper suggest that, in US women, food insecurity prior to baseline does not increase a woman's probability of gaining a clinically significant amount of weight over a 2-year period. Among women who gained a clinically significant amount of weight, food-insecure women gained between 6.5 and 12.9 kg depending on initial weight status, but overweight, food-insecure women gained significantly less weight than overweight, foodsecure women. Overall, these results suggest that food insecurity at one time point is not strongly or consistently associated with women's subsequent weight gain. After controlling for covariates that might have confounded the relationship between food insecurity and subsequent weight gain, our initial findings were only slightly altered.
Many of the covariates that were predictive of weight gain are consistent with other studies of weight gain. Among the health behaviours examined in these analyses, physical activity and smoking were predictive of weight gain and were associated with food insecurity. Household poverty was associated with weight gain and strongly associated with food insecurity in unadjusted analysis. Other studies have also suggested that some aspects of socio-economic status are likely to be associated with weight gain 12, 21 . We found a modest association between having a child during the observational period and weight gain. Other longitudinal studies indicated that women retain between 0.5 and 3 kg in the 2.5 years following pregnancy and that women who gain more than the recommended amount for their pre-pregnancy weight status during pregnancy are significantly more likely to gain additional weight in the postpartum period 19, 22 . Although the height and weight data in the PSID are self-reported and subject to reporting and non-response bias 23 , the average amount of weight gain was consistent with measured weight gains from the CARDIA study suggesting that women are gaining 0.7 to 1.2 kg per year on average. Furthermore, reporting bias for weight change is less likely than that for weight at one time because of similar bias in both weights that constitute the change. The average amount of weight gained varied by initial weight status. Further studies are needed to confirm these results, ideally that use measured weights.
This study has found that food insecurity at one point in time is not strongly associated with subsequent weight gain over a 2-year period in US women. Given that a number of other sociodemographic and behavioural factors are associated both with food insecurity and with weight gain, future studies should aim to understand Authorship responsibilities: S.J.J. drafted the first draft and performed all analysis. E.A.F. edited, wrote additional material, provided leadership on analytical approaches and worked to conceptualise the research framework. 
